We study the process e + e − → (D * D * ) ± π ∓ at a center-of-mass energy of 4.26 GeV using a 827 pb −1 data sample obtained with the BESIII detector at the Beijing Electron Positron Collider. Based on a partial reconstruction technique, the Born cross section is measured to be (137±9±15) pb. We observe a structure near the (D * D * ) ± threshold in the π ∓ recoil mass spectrum, which we denote as the Z ± c (4025). The measured mass and width of the structure are (4026.3 ± 2.6 ± 3.7) MeV/c 2 and (24.8 ± 5.6 ± 7.7) MeV, respectively. Its production ratio
σ(e + e − →(D * D * ) ± π ∓ ) is determined to be 0.65 ± 0.09 ± 0.06. The first uncertainties are statistical and the second are systematic.
PACS numbers: 14.40.Rt, 13.66.Bc, 13.25.Gv Two charged bottomoniumlike particles, dubbed the Z b (10610) and Z b (10650), have been observed in the π ± Υ(nS) and π ± h b (mS) mass spectra at the Belle experiment in the decays of Υ(10860) to π + π − Υ(nS) (n = 1, 2, 3) and to π + π − h b (mP ) (m = 1, 2) [1] . Unlike a conventional meson, the two states must involve at least four constituent quarks to produce a non-zero electric charge. The masses of the Z b (10610) and Z b (10650) are close to the BB * and B * B * thresholds, respectively, which supports a molecular interpretation of Z b 's as BB * and B * B * bound states [2] . In addition, this scenario is supported by the subsequent observations of the decays Z b (10610) → BB * and Z b (10650) → B * B * from the Belle experiment [3] .
A number of theoretical interpretations have been proposed to describe the nature of the Z b 's [4] [5] [6] [7] . One intriguing suggestion is to look for corresponding particles in the charmonium sector [5] . As anticipated, a charged charmoniumlike structure, Z c (3900), was observed in the π ± J/ψ mass spectrum in e + e − → π + π − J/ψ by the BESIII experiment [8] , by the Belle experiment [9] and using data from the CLEO-c experiment [10] . More recently, BESIII has observed another charged state in the π ± h c mass spectrum in e + e − → π + π − h c , the Z c (4020) [11] . The masses of these states are slightly higher than the DD * and D * D * mass thresholds. [12] viewing e + e − collisions at the BEPCII collider [13] .
The BESIII detector is an approximately cylindrically symmetric detector with 93% coverage of the solid angle around the e + e − collision point. The apparatus relevant to this work includes, from inside to outside, a 43-layer main wire drift chamber (MDC), a time-of-flight (TOF) system with two layers in the barrel region and one layer for each end-cap, and a 6240 cell CsI(Tl) crystal electromagnetic calorimeter (EMC) with both barrel and endcap sections. The barrel components reside within a superconducting solenoid magnet providing a 1 T magnetic field aligned with the beam axis. The momentum resolution for charged tracks in the MDC is 0.5% for transverse momenta of 1 GeV/c. The energy resolution for showers in the EMC is 2.5% for 1 GeV photons. For charged tracks, particle identification is accomplished by combining the measurements of the energy deposit registered in MDC, dE/dx, and the flight time obtained from TOF to determine a probability L(h) (h = π, K) for each hadron (h) hypothesis. More details about the BESIII spectrometer are described elsewhere [12] .
Simulated data produced by the geant4-based [14] Monte Carlo (MC) package, which includes the geometric description of the BESIII detector and the detector response, is used to optimize the event selection criteria, to determine the detection efficiency and to estimate backgrounds. The simulation includes the beam energy spread and initial-state radiation (ISR) modeled with kkmc [15] . The inclusive MC sample consists of the production of the Y (4260) state and its exclusive decays, e + e − → D ( * )D( * ) (π), the production of ISR photons to low mass ψ states and QED processes. Specific decays that are tabulated in the Particle Data Group (PDG) [16] are modeled with evtgen [17] and the unknown decay modes with lundcharm [18] . For the pro- 
See the text for a detailed description.
cess e + e − → D * +D * 0 π − , ISR is included in the simulation, which requires as input the cross section dependence on the center-of-mass energy. For this, the observed cross sections for the process e + and we simulate the cascade decays with angular distributions calculated from the corresponding matrix element. This assumption is consistent with our observation in this analysis. However, other spin-parity assignments are not ruled out.
As discussed above, the reconstruction of the combinations of the D + and the bachelor π − is used to identify e + e − → D * +D * 0 π − final states. For the D + reconstruction, we only use the D + → K − π + π + decay, because it has dominant yields and the cleanest backgrounds compared to other D + deay modes. We first select events with at least four charged tracks. For each track, the polar angle in the MDC must satisfy | cos θ| < 0.93 and the point of closest approach to the e + e − interaction point must be within ±10 cm in the beam direction and within 1 cm in the plane perpendicular to the beam direction. ing. The signal events lie at the rightmost side of the plot. To improve the mass resolution, we exploit the correlations between RM (D + ) and M (D + ) and use [16] . The recoil mass of X is determined from RM (X) = |p e + e − − p X |/c, where p e + e − and p X are the four-momenta of the initial e + e − systems and X in the laboratory frame, respectively. This technique is also used in plotting other mass distributions presented in this paper. Backgrounds from the twobody process 
013 GeV/c 2 is used, corresponding to the vertical band in Fig. 2 . In the case where the π 0 is from D * 0 →D 0 π 0 , its momentum in the D + π − recoil system, P * (π 0 ), peaks at 43 MeV/c and a momentum requirement in the range (0.03, 0.05) GeV/c is applied, corresponding to the horizontal band in Fig. 2 . As verified by MC simulations, the D + π − recoil mass is nearly the same as that of the D * + π − recoil system, but is slightly broadened due to the neglect of the soft π 0 in the
process. Events with at least one π 0 candidate, the one that fulfills either of the above requirements, are retained. by combining a reconstructed D + with a pion of the wrong charge, referred to as wrong-sign (WS) events. The D + π − recoil mass distribution for the WS events, shown in Fig. 3(a) , is compatible with an ARGUSfunction [20] shape fit to the sidebands of the signal peak in the data. As shown in Fig. 3(b) and (c), the WS events with a scaling factor of 1.9 well represent the combinatorial backgrounds in the recoil mass spectra of the bachelor π − . This scaling is verified by an analysis of the inclusive MC data. Backgrounds from the soft π − from D * − decays in the e + e − → D * + D * − (π 0 , γ ISR ) processes are not well described by the WS background; its RM (π − ) distribution peaks in the region above 4.1 GeV/c 2 , which is excluded in this analysis.
In Fig. 3(c) , a clear enhancement above the WS background is evident. To study the enhancement, the events of the D * +D * 0 π − final states within the signal region (2.135, 2.175) GeV/c 2 in Fig. 3 (a) are selected and displayed in Fig. 4 . The enhancement cannot be attributed to the PHSP e + e − → D * +D * 0 π − process. We simulate the processes of 
Here, M is the reconstructed mass; m is the resonance mass; Γ is the width; p(q) is the D * + (π − ) momentum in the rest frame of the D * +D * 0 system (the initial e + e and is asymmetric due to the effects of ISR. The shape of the combinatorial backgrounds is taken from the kernelestimate [21] of the WS events and its magnitude is fixed to the number of the fitted background events within the signal window in Fig. 3(a) . The shape of the PHSP signal is taken from the MC simulation and its amplitude is taken as a free parameter in the fit. By using the MC shape, the smearing due to effects of ISR and the detector resolution are taken into account. From the fit, the parameters of m and Γ in Eq. ) signal is observed with a statistical significance of 13 σ, as determined by the ratio of the maximum likelihood value and the likelihood value for a fit with a null-signal hypothesis. When the systematic uncertainties are taken into account, the significance is evaluated to be 10 σ.
The Born cross section is determined from σ = nsig L(1+δ)εB , where n sig is the number of observed signal events, L is the integrated luminosity, ε is the detection efficiency, 1 + δ is the radiative correction factor 
The total systematic uncertainty is taken as the square root of the quadratic sum of the individual uncertainties.
and B is the branching fraction of
From the fit results, we obtain 560.1 ± 30.6 D * +D * 0 π − events, among which 400.9 ± 47.3 events are Z + c (4025) candidates. With the input of the observed center-of-mass energy dependence of σ(D * +D * 0 π − ), the radiative correction factor is calculated to second-order in QED [22] to be 0.78 ± 0.03. The efficiency for the Z + c (4025) signal process is determined to be 23.5%, while the efficiency of the PHSP signal process is 17.4%. The total cross section σ(e + e − → (D * D * ) ∓ π ± ) is measured to be (137 ± 9) pb, and the ra-
is determined to be 0.65 ± 0.09.
Sources of systematic error on the measurement of the Z + c (4025) resonance parameters and the cross section are listed in Table I sume that the relative momentum between the π − and Z + c (4025) in the rest frame of the e + e − system is a Pwave, the mass and width change from the nominal results by 1.4 MeV/c 2 and 7.3 MeV, respectively. The maximum variations are taken as systematic uncertainties. Variations in the unbinned and non-parametric kernelestimate of the WS events and fluctuations of the estimated numbers of combinatorial backgrounds give maximum changes of 1.5 MeV/c 2 in the mass, 0.6 MeV in the width, 5% in the total cross section and 5% in the ratio R. We vary the parameters of the BW shape used to model the Z + c (4025) signals in the MC simulation; the mass is changed in the range of (4.02, 4.04) GeV/c 2 and the width is changed in the range of (20, 45) MeV. All these variations would influence the efficiency curves and thereby, affect the cross section results. The maximum changes are taken into account as systematic uncertainties. We performed a fit with the inclusion of the possible backgrounds due to the e + e − → D * * D * processes in the RM (π − ) spectrum. The resultant changes are taken as a systematic uncertainty.
The spin-dependence of the non-resonant process is studied by changing the orientation of the decay plane and by changing the relative angular distributions among the final states of D * +D * 0 π − . The influences on the measurements of the cross section and the ratio R are at the 2% level. Other items in Table I mostly influence the measurement of the total cross section. The efficiencies of the soft π ± are well understood in MC simulation [24] . Uncertainties associated with the efficiencies of the tracking and the identification of the four final charged track are estimated to be 4% and 5%, respectively. A possible bias in the efficiency determination for tagging the π 0 is estimated to be 4% by comparing the measurements of σ(e + e − → D * +D * 0 π − ) with and without detecting the π 0 . The line shape of the D * +D * 0 π − cross sections affects the radiative correction factor and the detection efficiency simultaneously. This uncertainty is estimated to be 4% by changing the input of the observed line-shape within errors. The uncertainty of the integrated luminosity, measured with large angle Bhabha events, is determined to be 1%. Branching fractions for D * + → D + (π 0 , γ), D + → K − π + π + are used in calculating the cross section and their uncertainty taken from the PDG [16] is included as a systematic uncertainty.
To summarize, we observe an enhancement near the threshold of m(D * + ) + m(D * 0 ) in the π ∓ recoil mass spectrum in the process e + e − → (D * D * ) ± π ∓ at √ s = 4.260 GeV. If the enhancement is due to a charmoniumlike particle, namely Z ± c (4025), its mass and width are measured to be (4026.3 ± 2.6 ± 3.7) MeV/c 2 and (24.8 ± 5.6 ± 7.7) MeV, respectively. To validate the establishment of the Z c (4025), a rigorous spin analysis is required based on a larger data sample. Since the Z c (4025) couples to (D * D * ) ± and has electric charge, the observation suggests that the Z c (4025) may be a virtual D * D * resonant system [5] . The resonance parameters of the Z c (4025) agree with the Z c (4020) within 1.5 σ [11] . To identify whether they are same particle, one needs a further sophisticated analysis with a coupled channel technique. The Born cross section σ(e + e − → (D * D * ) ± π ∓ ) is measured to be (137 ± 9 ± 15) pb, based on a second-order QED calculation, which is compatible with CLEO-c's result [25] , assuming that isospin symmetry is not largely broken. The first uncertainties are statistical and the second are systematic. The ratio R = is determined to be 0.65 ± 0.09 ± 0.06.
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